A laboratory silo trial, two lamb metabolism trials and a lamb growth trial were conducted to compare the nitrogen (N) value of swine methane digester effluent (MDE) to that of urea. Using laboratory silos (four/treatment), fermentation characteristics were measured for silages containing cracked corn, ground wheat straw and MDE added at levels of 0, 4, 8 or 12% of silage dry matter (DM). Lactic acid concentration increased linearly with up to 8% MDE addition, but then decreased (P<.05; quadratic) with 12% MDE. Butyric acid was highest (P<.05; linear) with 12% MDE, indicating an undesirable fermentation. In a metabolism study, DM, organic matter and N digestibilities and N balance were similar (P>.10) between urea and MDE, but DM digestibility was lower (P<.05) for ensiled diets (52%) than diets fed fresh daily (59.4%). Mean ruminal volatile fatty acid, ruminal ammonia-N and plasma urea-N concentrations were similar (P>.IO) between urea-and MDE-fed lambs. Plasma urea-N was higher (P<.05) and ruminal isovaleric acid lower (P<.05) in animals fed ensiled than fresh diets. In the second metabolism trial, digestibility of N was lowest (P<.05) for MDE (51.2%) and highest for soybean meal (SBM; 71.8%), but N balance was similar among all diets. When growing lambs (19.8 kg) were offered diets similar to those utilized in the second metabolism trial, rates of gain were similar (P>.10) among lambs fed urea, MDE and SBM (76.2, DWG; 123.3 g/d). Feed to gain ratio was superior for Iambs offered DWG (5.5) compared with lambs offered urea (9.2) or MDE (7.9). These data suggest that a desirable fermentation can be achieved when 8% MDE is ensiled with cracked corn and wheat straw.
Introduction
Intensive livestock confinement production systems have increased the need for efficient and economical utilization of animal waste. Van Dyne and Gilbertson (1978;  as cited by Fontenot et al., 1983 ) estimated that 52 billion tons of dry waste could be harvested annually from livestock and poultry. Fontenot and Ross (1980) estimated that the value of swine waste, when used as a feedstuff, was higher than when used as fertilizer or for methane production. The economic efficiency of fermentation of livestock waste for the production of methane gas could be increased if the by-product could be efficiently utilized as a feedstuff for livestock (Hashimoto et al., 1979) .
Potential exists for feeding methane digester effluent (MDE) as a N source in ruminant diets, because MDE contains up to 11.4% N on a dry matter basis (lannotti et al., 1979) . However, the high moisture content (96%) limits the feeding and storage of MDE. Centrifuging MDE reduces handling problems by decreasing the moisture content, but only 41% of the total N is recovered (Prior and Hashimoto, 1981) . During the centrifuging process much of the available N is lost, because over one-half of the amino acid-N and the majority of the ammonia-
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JOURNAl. OF ANIMAL SCIENCE, Vol. 60, No. 6, 1985 N is in the liquid fraction. Cattle feeding trials have shown that fecal N increases .3 to .4% for every 1% increase in dietary MDE when fed as a dried, centrifuged cake (Prior and Hashimoto, 1981) . Ensiling whole MDE with a dry forage may offer the advantage of retaining more of the soluble and available N, as well as extending storage life. This research was conducted to compare fermentation characteristics of various levels of MDE ensiled with cracked corn and wheat straw and to evaluate N balance, plasma and ruminal factors and growth of iambs offered either urea, MDE, soybean meal (SBM) or distillers wet grains (DWG) as sources of supplemental N.
Materials and Methods

Swine Methane Digester Effluent (MDE).
The MDE used for all trials was collected from two .4-m 3 experimental anaerobic fermenters (Fischer et al., 1979) . Manure collected from finishing pigs fed a 14% crude protein corn-SBM diet was added to the digesters at a rate of 114 g of volatile solids/.028 m 3 of digester capacity. Fermentation temperature was maintained at 35 C and solids retention time averaged 15 d. The MDE was collected daily and stored in airtight containers until use (1 to 5 d). Nutrient density of MDE as determined by lannotti et al. (1979) was used in formulation of experimental diets, except that Kjeldahl-N (AOAC, 1975) and dry matter (DM) content (55 C, 48 h) were determined before the initiation of each experiment (table 1) .
Laboratory Silo Trial. The objective of this trial was to measure fermentation characteristics of various levels of MDE ensiled with cracked corn and ground (2.5 cm) wheat straw. Cracked corn was maintained at 50% of silage DM, with MDE replacing straw at levels of O, 4, 8 and 12%. Water was added to the control silage (0% MDE) to obtain a 68% moisture product. After thorough mixing, silages were packed into 19-liter plastic drums that were double-lined with polyethylene bags. Each treatment was replicated in four plastic silos. After 17 d of fermentation, silos were opened and samples were collected and analyzed for pH, DM and lactate (Barker and Summerson, 1941) , total volatile fatty acids (VFA; lannotti et al., 1979) , Kjeldahl-N, neutral detergent fiber (NDF; Goering and Van Soest, 1970) and in vitro dry matter disappearance (1VDMD), using the Moore modification of the Tilly and Terry procedure (Harris, 1970) .
Data were analyzed by analysis of variance with treatment sums of squares partitioned to test for linear, quadratic or cubic effects due to level of MDE addition. Partitioning of means was used only if the overall F-value was significant (SAS, 1979) .
Lamb Metabolism Trial 1. Four rumenfistulated, crossbred wether lambs averaging 32 kg were used in a Latin square design metabolism trial. The objectives were to compare urea and MDE as sources of supplemental N when fed either fresh daily or as an ensiled product. Diets (table 2) were fed once daily (0800 h) and contained cracked corn (50%) and ground wheat straw (42 or 48%). A calculated crudeprotein-equivalent of 11% was achieved by the addition of urea or MDE. Water was added to the urea silage to obtain a dry matter level similar to the MDE silage. Ensiled diets were allowed to ferment for a minimum of 14 d in 208-liter steel drums (eight drums/treatment) that were double-lined with polyethylene bags. Diets that were fed fresh were mixed daily with the same quantities of water and MDE contained in the ensited diets. Two to three sampies of ensiled diets collected from each drum, upon opening, were composited and analyzed for DM and pH.
Each period of the Latin square consisted of 10 d of diet adaptation followed by 7 d of total feces and urine collection. Daily fecal output was stored at 4 C while daily urine output, which was collected under acidic conditions Ingredient compos~uon and percentage crude protein is on a dry matter basis.
(25 ml of 10 N H 2 SO4), was stored in 25-liter plastic airtight containers. A 500-g subsample of feeds and feces was saved from composited material and analyzed for DM, organic matter (OM; AOAC, 1975) and Kjeldahl-N. Urine was composited and analyzed for Kjeldahl-N. Ruminal fluid and jugular blood samples were collected at 0, 4, 8 and 12 h after feeding on the day following completion of the collection period. Rumen fluid pH was determined immediately after sampling. The contents were then filtered through four layers of cheese cloth and the supernatent analyzed for VFA and ammonia-N s. Blood was obtained by jugular puncture and plasma was harvested by centrifugation at 20,000 • g for 30 rain. Plasma was analyzed for urea-N by the colorimetric procedure described by Faucett and Scott (1960) .
Data were analyzed as a 2 x 2 factorial with treatment sums of squares from the analysis of variance partitioned to test the main effects of N source, method of feeding and the interaction of N source and method of feeding (Steel and Torrie, 1960) . Variation due to period and animal were also part of the overall model. Rumen VFA and plasma data were analyzed by the procedures described by Gill and Hafs (1971) for repeated samplings over time.
Lamb Metabolism Trial 2. Twenty crossbred wether lambs were utilized in a completely randomized design to compare N balance of diets supplemented with urea, MDE, DWG or SBM. Diets (table 2) were formulated to contain 11.5% crude protein and 66% total digestible nutrients. Lambs were fed once a day at 0800 h; they were offered approximately equal amounts of dry matter. The DWG were supplied from an experimental alcohol production facility at the University of Missouri and contained approximately 18% DM and 26% crude protein (DM basis). The DWG were obtained by pouring whole stillage (5% DM) through a vibrating screen 6. Urea, MDE and DWG were ensiled with cracked corn and ground (2.5-cm screen) wheat straw and were allowed to ferment for a minimum of 30 d before feeding. For the SBM diet, SBM was added to a control silage of cracked corn and ground wheat straw at the time of feeding. Ensiling methodology was similar to that of lamb metabolism trial 1. Random samples of all silages were collected from each steel drum, composited and analyzed for DM, N and pH to determine if fermentation had occurred.
Lambs were placed in metabolism stalls for 10 d of diet adaptation, followed by 7 d of total feces and urine collection. Feed and fecal samples were analyzed for DM and N; urine samples were analyzed for N only. Data were subjected to one-way analysis of variance with lamb serving as the experimental unit. Treatment means were separated by Duncan's Multiple Range test (Steel and Torrie, 1960) only if the overall F-value was significant (P<.10).
Lamb Growtb Trial. Seventy-two crossbred wether lambs averaging 19.8 kg were blocked by weight and allotted to 12 pens to determine rate and efficiency of gain when offered the same diets evaluated in the previous metabolism trial. Lambs were fed similar amounts of DM once each day to provide approximately equal protein intakes across treatments. Feed samples and orts were collected and analyzed for N and DM. Full weights were recorded on consecutive days at the beginning and end of the 56-d trial. Data for intake, gain and feed to gain ratio were analyzed as for the previous trial, except that pen served as the experimental unit.
Results and Discussion
Laboratory Silo Trial. Chemical composition and fermentation characteristics resulting from the ensiling of increasing quantities of MDE with corn and wheat straw are presented in table 3. Dry matter content ranged from 44.7% for the 4% MDE silage to 21.7% for the 12% MDE silage. As level of MDE increased, pH increased (P<.05; linear) from 5.4 for the 0% MDE silage to 6.2 for the 12% MDE silage. Lactic acid linearly increased with up to 8% MDE addition, but declined (P<.05; quadratic) when 12% MDE was added. With 12% MDE addition, butyric acid (2%) was high compared with the average of the other silages (.23%). These results are in agreement with those of Britt and Huber (1975) , who reported an increase in pH and lactate when ammonia (.23% of DM) was added to corn silage, and inhibition of lactic acid production with .9% ammonia. In the present study the ammonia-N added by MDE may have contributed to increasing lactate levels with up to 8% MDE addition, but the 12% silage contained a level of added nonprotein nitrogen that may have inhibited lactate formation. Crude protein (N x 6.25) and IVDMD of the silages increased (P<.05) as level of MDE increased, but NDF content remained unchanged.
Lamb Metabolism Trial 1. No interactions (P>.10) between N source and feeding method were detected (table 4) . Digestibilities of DM, aNo differences due to nitrogen source were detected (P>.10).
bMethod of feeding effect (P<.05).
OM and N and N balance were similar (P>.10) among urea and MDE diets. Harris et al. (1982) observed similar N balance among steers fed urea or centrifuged MDE, but lower apparent DM, OM and N digestibilities for MDE. The reduction in apparent digestibility was attributed to an increase in acid detergent fiber (ADF) and ADF-bound N when centrifuged MDE was included in high energy diets. In the current study the nutrient availability was similar for both N sources. There were no interactions among main effects for ruminal variables or plasma urea-N (table 5) and no differences were detected for source of supplemental N. Prior et al. (1980) reported lower VFA concentrations throughout the day for Iambs offered MDE compared with SBM, which may be attributed to the lower energy value of MDE in comparison with soybean meal. Of the major VFA measured in the current study, only isovaleric acid concentration was lower (P<.05) for ensiled diets (.22 mmol/dl) compared with diets fed fresh (1.50 mmol/dl). All other VFA were similar among treatments. Lambs fed fresh diets also had lower (P<.05) plasma urea-N (13.77 mg/dl) than Iambs fed ensiled diets (16.29 mg/dl). Data from this trial suggests that N balance, ruminal VFA and ammonia-N and plasma urea-N concentrations were similar for urea and MDE. Lamb Metabolism Trial 2. Intake of DM was lower (P<.05) for the urea diet compared with the other diets, which were similar (361,459, 440 and 455 g/d for urea, MDE, DWG and SBM diets, respectively; table 6). The reason for a reduction in intake could not be determined from data collected. Apparent DM digestibilities were similar among the urea (58.5%), MDE (58.1%) and DWG (56.9%) diets, but were lower than the SBM diet (71.1%). Contrary to results of the first metabolism trial, N digestibility was lower for MDE (51.2%) compared with urea (60.9%). Nitrogen digestibilities were similar between urea and DWG diets but were lower than SBM (71.8%). As a result of differences in N intake, digestion values for g of N digested/d were calculated. Lambs offered the SBM diet digested more N/d (5.8) compared with lambs fed the other diets, which were similar (3.3, 3.8 and 3.7 g/d for urea, MDE and DWG diets, respectively). Prior et al. (1980) .08
a'b'CMeans in the same row that do not have a common superscript differ (P<.05).
SBM (72.6, 84.5, and 85 g/d, respectively), but were lower (P<.05) than for lambs offered DWG (123 g/d). Feed to gain ratio was poorest for urea and MDE (9.2 and 7.9) and best for DWG and SBM (5.5 and 7.0). Prior et al. (1980) reported a lower rate and efficiency of gain for lambs fed MDE compared with SBM. The faster daily gains and the reduction in N required for gain of lambs fed DWG in the current study may be attributed to both an increase in N intake and energy as well as an increase in tureen-escape protein presented to the small intestine when compared with urea and MDE (Klopfenstein et al., 1978) . Goedeken (1984) found that the total protein-N presented to the abomasum of lambs was greater for distillers dried grains than for MDE (9.41 vs 6.78 g/d) when offered isocaloric and isonitrogenous diets. These data indicate that ensiling MDE with ground wheat straw and corn may be a means of storing the high moisture MDE product, although feeding MDE fresh daily presented no apparent intake problems in this study. Urea and MDE produced similar responses when fed as N sources in growing lamb diets, but DWG provided faster, more efficient gains.
